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(54) RLM DEPOSITION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of depositing a 
metallic nitride film which has a low chlorine concentration and a 
reduced resistivity, and in which the occurrence of cracks can be 
suppressed. 

SOLUTION: In the method of depositing a metallic nitride film on 
the surface of the body to be treated whose temperature is made 
into the relatively low one in a treatment vessel 12 capable of 
evacuation, a metallic source gas and a first nitrogen-containing 
reducing gas are fed to form a metal-containing film, and, after 
that, the metal-containing film is further subjected to nitriding 
treatment in the presence of a second nitrogen-containing 
reducing gas under the process conditions where process pressure 
is >13.3 Pa (100 mTorr), the partial pressure of the second 
nitrogen-containing reducing gas is ^0.4 Pa (3 mTorr), and the 
temperature of the body to be treated is within the range of 300 to 
550' C. 
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. DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
- [0001] 

[Field of the Invention] This invention relates to the membrane formation approach of making metal 
nitrides, such as TIN (titanium night RAIDO) film, depositing on the front face of processed objects, such as 
a semi-conductor wafer. 
[0002] 

[Description of the Prior Art] It is important, in order that it may be in the inclination which makes <;ircuitry 
multilayer-interconnection structure according to the request of the latest densification and high 
integration and embedding techniques, such as a beer hall which is the connection of the contact hole, 
lower layer aluminum wiring, and the upper aluminum wiring which are the connection of a lower layer 
device and the upper aluminum wiring, may generally aim at both electric connection in this case, if it is in 
a semiconductor device. 

[0003] Although aluminum and a tungsten are generally used for embedding, such as a contact hole and a 
beer hall, since the diffusion layer formed into silicon in response to the attack by the fluorine in these 
boundary parts will be destroyed or adhesion with the upper layer will deteriorate if these embedding 
metals are directly formed on a lower layer silicon layer or aluminum wiring, in the current semiconductor 
device with which power-saving and high-speed operation are demanded, it is not desirable. 
{0004] Then, in order to prevent the above-mentioned phenomenon, before embedding a contact hole, 
SURUHORU. etc. with a tungsten, it continues throughout a wafer front face including the front face in a 
hole, and the barrier metal layer is formed thinly, and embedding a hole with a tungsten from on this is 
performed. As an ingredient of this barrier layer, it is common to use the twoHayer structure of Ti/TiN 
{titanium night RAIDO) and TiN film monolayer structure. As this related technique, they are JP.6-89873.A. 
JP,10-106974.A, and Decomposition, for example. Property of Methyl hydrazine with Titanium Nitridation 
atLow It is indicated by Temperature (P. 934-938, J.EIectrochem.Soc, Vol.142 No.3. March 1995) etc. 
[0005] if for example, the TiN film is explained taking the case of the case where it forms iridependently — 
as membrane formation gas — for example, TiCI4 Gas and NH3 the inside of the processing container by 
which vacuum suction is carried out in this using gas — time amount predetermined to coincidence — it 
introduces continuously and the TiN film is deposited on a wafer front face with Heat CVD (Chemical 
Vapor Deposition) at predetermined process temperature. And it is TiCI4 within the same processing 
container after formation of the TiN film. Gas is NH3 without passing. So-called NH3 to which only 
predetermined time amount passes only gas He performs the postflow of gas and is trying to eliminate CI 
element which remains in the TiN film. The reason for performing this postflow is that resistivity will 
increase or membranous corrosion will occur if CI element exists in the film. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way. in order to prevent line breadth and thickness 
becoming smaller and giving a heat damage to each membrane type to which the process temperature at 
the time of membrane formation of the above-mentioned TiN film exists in this lower layer for this reason 
by detailed-izing and high integration of a semiconductor integrated circuit, it is desirable to set it as the 
lowest possible temperature. For example, there is a property that the insulator layer of a certain kind with 
the high dielectric constant used for a capacitor is inferior to the thermal resistance in a pyrosphere. then 
— if it is in the former — about 560-600 degrees C — although the TiN film was -comparatively formed by 



the pyrosphere, ifiit was in recently, the about 450-degree C thing formed -comparatively in a low- 
temperature region came to be tried. 

{0007] Although CI element which remains in the film was fully able to be eliminated and this part was able 
to be nitrided when the postflow of ammonia was performed by the pyrosphere as mentioned above 
however, when the TiN film is formed in a low-temperature region The inclination which the concentration 
'of CI element which remains in the film not only becomes high, but a nitrogen element is not fully permuted 
by the part of CI element eliminated even if it performed the postflow of ammonia, but is emasculated on 
atomic level, and an opening produces was suited. And the presentation of the film itself became coarse by 
this opening, by becoming or exposing a wafer into atmospheric air in such an opening that it is easy to 
generate a crack, the oxygen in atmospheric air and the oxygen in moisture entered, it reacted with Ti 
atom of an active state, and there was a problem of making the resistivity (specific resistance) of the film 
itself increase. 

£0008] Furthermore, when forming the TiN film in a low-temperature region which was mentioned above, it 
is a powder-like compound, for example, TiNCIx, in the TiN film. It generated and there was also a problem 
that the film will carry out abnormality growth. It was not enough, although using a hydrazine and 
performing a postprow after membrane formation of the TiN film was proposed in order to solve the above- 
mentioned trouble (for example, JP,9-232313,A). This invention is originated paying attention to the above 
troubles that this should be solved effectively. The level of chlorine is low, and resistivity's is small, and the 
purpose of this invention has it in offering the membrane formation approach of the metal nitride which can 
also control generating of a crack. In addition, this invention is amelioration invention of the application 
(application for patent 2001-265243) which these people performed previously. 
[0009] 

[Means for Solving the Problem] In the membrane formation approach which forms a metal nitride in the 
front face of the processed object comparatively made by low temperature within the processing container 
with which invention specified to claim 1 was made possible by vacuum suction Supply metal source gas 
and the 1st nitrogen content reducing gas. and the metal content film is formed. A process pressure under 
existence of the 2nd nitrogen content reducing gas Then, more than 13.3Pa (lOOmTorr) The partial 
pressure of said 2nd nitrogen content reducing gas is the membrane formation approach characterized by 
carrying out nitriding treatment of the metal content film further under the process conditions within the 
limits that the temperature of a processed object is 300-550 degrees C more than 0.4Pa (3mTorr). 
Thereby, 550 degrees C or less, even low temperature 450 degrees C or less has the low level of chlorine, 
and is small, and it becomes possible more preferably to make the metal nitride by which generating of a 
crack was also controlled and which membranous abnormality growth moreover does not have, either 
deposit of it. [ of resistivity ] 

[0010] In the membrane formation approach which forms a metal nitride in the front face of the processed 
object comparatively made by low temperature within the processing container with which invention 
specified to claim 2 was made possible by empty length Metal source gas Is supplied intermittently, 
supplying inert gas continuously. While supplying the 1st nitrogen content reducing gas to supply and 
coincidence of said metal source gas, the 2nd nitrogen content reducing gas is supplied in a period shorter 
than between this intestinal stasis also between the intestinal stasis of said metal source gas. A process 
pressure under existence of the 2nd nitrogen content reducing gas More than 13.3Pa (lOOmTorr) The 
partial pressure of said 2nd nitrogen content reducing gas is the membrane formation approach 
characterized by carrying out nitriding treatment of the metal content film further under the process 
conditions within the limits that the temperature of a processed object is 300-550 degrees C more than 
0.4Pa (3mTorr). 

[001 1] When supplying said 2nd nitrogen content reducing gas between the intestinal stasis of said metal 
source gas so that it may specify to claim 3 in this case, said 1 st nitrogen content reducing gas is supplied 
to supply and coincidence of said 2nd nitrogen content reducing gas. Moreover, said metal source gas is 
TiCI4 so that it may specify, for example to claim 4. It is gas and said 1st nitrogen content reducing gas is 
NHS. It is gas. Moreover, as specified, for example to claim 5, said 2nd nitrogen content reducing gas is gas 
chosen from the group which consists of a hydrazine, monomethylhydrazine, and dimethylhydrazine. 
Moreover, as specified, for example to claim 6, the temperature of said processed object is within the limits 
of 300-450 degrees C. 
[0012] 



[Embodiment of the Invention] Below, one example of the membrane formation approach concerning this 
invention is explained in full detail based on an accompanying drawing. The cross-section block diagram 
Ishowing the processor which enforces the membrane formation approach which drawing 1 requires for this 
invention, Drawing in which drawing 2 shows the timing of supply of the various gas of the 1st example of 
this invention approach, The graph which shows the measurement result of CI concentration in the TiN film 
'when drawing^ changes various wafer temperature (existence of MMH processing), The graph which shows 
the result of the X-ray analysis of the TiN film when drawin g 4 changes various partial pressures of MMH 
gas. The graph and drawing 6 which show the measurement result of CI concentration in the TiN film when 
drawing 5 changes various partial pressures of MMH gas in case wafer temperature is 450 degrees C are a 
graph which shows the measurement result of CI concentration in the TiN film when changing various 
partial pressures of MMH gas in case wafer temperature is 600 degrees C. Here, the TiN film is explained 
taking the case of the case where membranes are formed, as a metal nitride, using plasma-CVD membrane 
formation equipment as a processor. 

[0013] The plasma-CVD membrane formation equipment 10 as this processor has the processing container 
12 fabricated in the shape of a cylinder object with aluminum, nickel, the aluminium alloy, or the nickel alloy 
so that it may illustrate. The shower head section 16 which has many blow-of-gas holes (passage) 14A and 
1 4B is formed in the inferior surface of tongue, and, thereby, for example, membrane formation <gas etc. <^n 
be introduced now into the head-lining section of this processing container 1 2 to the processing space S in 
the processing container 1 2 as raw gas. While a separation partition is carried out, each above-mentioned 
gas nozzles 14A and 148 are opened for free passage by two gas space 17A and 178 in each^as space 
17A and 178, respectively, and the inside of this shower head section 16 can mix two gas now for the first 
time in the processing space S. In addition, this gas supply gestalt is called a postmix. 
[0014] This whole shower head section 16 is formed with conductors, such as aluminum, nickel, an 
aluminium alloy, or a nickel alloy, and serves as the up electrode. As for the periphery side of the shower 
head section 16 which is besides a section electrode, and the upper part side, the whole is covered by the 
insulator 18 which consists of a quartz, an alumina (aluminum 203), etc., and through this insulator 18. the 
above-mentioned shower head section 1 6 is attached in the state of an insulation, and is being fixed to the 
processing container 12 side. In this case, between each joint of the above-mentioned shower head section 
1 6, an insulator 1 8, and the processing container 1 2. the seal member 20 which consists of an O ring etc. 
intervenes, respectively, and the airtightness in the processing container 1 2 is maintained. 
[0015] And RF generator 24 which generates the high-frequency voltage of 450kHz is connected through 
the matching circuit 22 and the open/close switch 23, and high-frequency voltage is impressed to this 
shower head section 16 at the shower head section 16 which is the above-mentioned up electrode if 
needed. In addition, the frequency of this high^requency voltage is not limited to 450kHz, but may use 
other frequencies, for example, 13.56 etc.MHz etc. And the taking-out inlet port 26 for carrying out taking- 
out close [ of the wafer ] is formed in the side attachment wall of this processing container 12, and a gate 
valve 28 is formed in this and it is made possible by closing motion. A load lock chamber, a transfer 
chamber, etc. which are not illustrated are connected to this gate valve 28. 

[0016] Moreover, the exhaust port 30 is established in the pars basilaris ossis occipitalis of this processing 
container 12, the exhaust pipe 31 with which the vacuum pump which is not illustrated on the way was 
interposed in this exhaust port 30 is connected, and vacuum suction of the inside of the processing 
container 12 is made possible if needed. And in this processing container 12, in order to lay the semi- 
conductor wafer W as a processed object, the installation base 34 which stood up through the stanchion 32 
from that pars basilaris ossis occipitalis is formed. This installation base 34 serves as the lower electrode, 
and can stand [ high-frequency voltage ] the plasma now to the processing space S between the 
installation base 34 which is this lower electrode, and the shower head section 1 6 which is the above- 
mentioned up electrode. This installation base 34 consists of ceramics, such as AIN. the whole arranges 
[ this interior ] it to a pattern configuration predetermined in the heating heater 36 which consists of 
resistors, such as a molybdenum line, and, specifically, it is embedded. The heater power source 38 is 
connected to this heating heater 36 through wiring 37. and power is supplied to the above-mentioned 
heating heater 36 if needed. Furthermore, in the interior of this installation base 34. in the molybdenum line 
etc., the body 40 of an electrode which becomes mesh-like (reticulated) by ******** covers field inboard 
throughout abbreviation, and is embedded. And this body 40 of an electrode is grounded through wiring 42. 
In addition, you may make it impress high-frequency voltage to this body 40 of an electrode as bias 



voltage. c - 

[0017] And it penetrates in this vertical direction and two or more pin holes 44 are formed in the above- 
jfnentioned installation base 34, for example, the product made from the quartz with which the lower limit 
was connected with each pin hole 44 common to the connection ring 46 pushes up, and the pin 48 is held 
in the state of loosely fitting, and the above-mentioned connection ring 4(5 — a container pars basilaris 
'ossis occipitalis — penetrating — the upper and lower sides — it connects with the upper limit of the 
frequent appearance rod 50 prepared movable, and the lower limit of this frequent appearance rod 50 is 
connected to the air cylinder 52. Thereby, each above-mentioned push raising pin 48 is made to appear 
upwards frequently from the upper limit of each pin hole 44 at the time of delivery of Wafer W. Moreover, 
the bellows 54 made possible by telescopic motion is interposed in the penetration section to the container 
pars basilaris ossis occipitalis of the above-mentioned frequent appearance rod 50, and it can go up and 
down, the above-mentioned frequent appearance rod 50 maintaining the airtightness in the processing 
container 12. 

[0018] And the focal ring 56 for making the processing space S concentrate the plasma on the periphery 
' * section of this installation base 34 that is a lower electrode is formed. Moreover, gas piping 58A and 58B is 
connected to the head-lining section of the above-mentioned shower head section 16. respectively so that 
it may be open for free passage to each above-mentioned gas space 1 7A and 1 7B. From one gas piping 
58B, it is N2 which is inert gas. TiCI4 which is gas or Ar gas metallurgy group source gas Gas can be 
supplied now with carrier gas (for example, N2 gas). Moreover, from gas piping 58A of another side, it is 
NH3 which is the 1st nitrogen content reducing gas. H2 which is gas, Ar gas which is plasma assistance, 
and reducing gas Gas and the above NH3 MMH (monomethylhydrazine) which is one of the 2nd nitrogen 
content reducing gas with reducing power more powerful than gas can be supplied now. 
[0019] Here, although the above-mentioned explanation has indicated all the ^as used in the example 
mentioned later, each above-mentioned gas is not altogether used in one membrane formation process, but 
only required gas is supplied according to each example mentioned later. Therefore, supply and supply 
interruption can perform each above-mentioned gas according to an individual alternatively if needed, 
respectively as a matter of course, and control of flow is also made possible according to the individual. 
Moreover, although RF generator 24 which generates the plasma here is formed, membrane formation 
processing by the mere heat GVD may be performed without using the plasma depending on an example, 
and the membrane formation equipment for example, by lamp heating may perform membrane formation 
processing by such heat CVD. 

[0020] First, the 1 st example of the membrane formation approach is explained with reference to dra wing 
2 . In this 1st example, all processings are performed without using the plasma. First, the TIN film is made 
to deposit as metal content film with Heat CVD. At this 1st example, it is N2 as inert gas. Gas (refer to 
drawing 2 (A)) is used, and it is TiCI4 as metal source gas. Gas (refer to drawing 2 <6)) is used, and it is 
NH3 as 1st nitrogen content reducing gas. Gas (refer to drawing 2 (C)) is used. In addition, it is N2 as inert 
gas. It may replace with gas and other inert gas. such as helium gas and Ar gas, may be used. As shown in 
drawin g 2 , only predetermined time amount passes each above-mentioned gas. and the TIN film is formed 
on a wafer front face as metal content film with Heat CVD. Wafer size is 8-12 inches, and the process 
conditions at this time are as follows. Wafer temperature is desirable in 300-550 degrees C, and the range 
of 300-450 degrees C and a process pressure is 1 3.3-1 333Pa (0.1 - lOTorr). They are 40-666Pa<0.3 - 
5Torr) and TiCI4 preferably. The flow rate of gas is the range of 10 - lOOsccm. It is 20 - 50sccm and NH3 
preferably. The flow rate of gas is the range of 30 - lOOOsccm, and it is 100 - 500sccm and N2 preferably. 
The flow rate of gas is the range of 350 - 2000sccm. and is 400 - lOOOsccm preferably. 
[0021] The TiN film of predetermined thickness is made to deposit on Wafer W under process conditions 
which were described above. Since CI component is contained so much and many unraacted Ti atoms also 
exist in this TiN film, nitriding treatment is performed behind. That is, it will be TiCI4 if membrane formation 
processing of the above-mentioned TiN film is completed next. Gas and NH3 Supply of gas is suspended 
and it is N2. Purge processing only whose predetermined time amount t exhausts the residual gas in a sink 
and the processing container 22 only for gas is performed. 

[0022] Next, if this purge processing is completed, predetermined carries out the time amount style of the 
MMH by the predetermined flow rate as 2nd nitrogen content reducing gas, CI component which remains in 
the above-mentioned TiN film, for example, unreacted TiCIX etc., will be returned (X:1-3), nitriding 
treatment of the Ti atom will be carried out still more completely, and the abbreviation TiN film perfect as a 



metal nitride will be form«d. In addition, since this nitriding treatment eliminates CI component which 
remains and makes abbreviation completeness nitride Ti atom, it is also called reforming processing. The 
process conditions at this time are as follows. N2 Within the limits of 350 - 2000sccm. the flow rate of gas 
is desirable, the flow rate of 400 - lOOOsccm and MMH gas is 10 or more seems, and an important point is 
a point of setting up a process pressure more than 13.3Pa (lOOmTorr). and setting up the partial pressure 
of MMH gas more than 0.4Pa (3mTorr). and setting process temperature as 300-450 degrees C more 
preferably within the limits of 300-550 degrees C here. 

[0023] Thus, by maintaining process conditions which were mentioned above, in spite of comparatively low 
temperature process temperature, it can also make resistivity small, and generating of a crack can be 
controlled it not only can control low the level of chlorine contained in the TiN film, but. and it becomes 
possible further to consider as the TiN film with which membranous abnormality growth was controlled. 
Here, since change of CI concentration (existence of MMH processing) of the TiN film when changing 
various wafer temperature was measured and evaluated, the evaluation result is explained with reference 
to drawing 3 . In drawing 3 , O mark shows those without MMH processing, and - mark shows a case with 
MMH processing (those with nitriding treatment). The flow rate of MMH is lOsccm(s) (0.4Pa (3mTorr)) here. 
Although, as for CI concentration, both are going up gradually, in order for extent of a rise [ case / where 
he has no MMH processing ] of CI concentration to reduce CI concentration in a **** cage, therefore the 
film low, in with MMH processing, it becomes clear that it is better to perform MMH processing, -so that 
wafer temperature is variously changed to 450-650 degrees C. and from drawing 3 and wafer temperature 
is lowered. When putting in another way, even if it made temperature of wafer processing low, when 
performing MMH processing (nitriding treatment) like this invention, it became clear that CI concentration 
could be made low enough to level equivalent to the case of the conventional approach which performed 
membrane formation processing at high wafer temperature without performing MMH processing. 
[0024] Here, since crystalline evaluation of the TiN film when changing various partial pressures of MMH 
gas was performed using the X-ray-analysis machine, the evaluation result is explained with reference to 
drawing 4 . Here, the crystallinity when changing the partial pressure of MMH gas to zero (with no flow 
rate), 0.4Pa (3mTorr) (flow rate: lOsccm), 1.9Pa (14mTorr) (flow rate: 50sccm). and 3.9Pa (29mTorr) (flow 
rate: lOOsccm) variously, and performing nitriding treatment was measured. 

[0025] The crystalline quality of the TiN film at this time is judged as a good thing, so that the degree of 
the peak in the crystal face (200) is high. Although the peak value HI of the crystal face (200) in the case 
of having no MMH processing was not so high so that clearly from this graph, each peak value H2, H3, and 
H4 of the crystal face (200) in case the partial pressures of MMH gas are 0.4Pa, I.QPa, and 3.9Pa is high in 
an about twice as many abbreviation as this rather than the case where he has no above-mentioned MMH 
processing, respectively, and it became clear that the TiN crystal was formed good. Therefore, at the time 
of the nitriding treatment of the TiN film, the point that it was necessary to set the partial pressure of 
MMH gas as 0.4Pa or more was able to be checked. 

[0026] Next, since CI concentration in the TiN film when changing various partial pressures of MMH gas 
was evaluated, the evaluation result is explained with reference to drawing 5 and drawing 6 . Here, the case 
(refer to drawin g 6 ) of 600 degrees C was measured as the case (refer to drawing 5 ) where the wafer 
temperature at the time of a process is 450 degrees C. and reference. Moreover, a process pressure is 
13.3Pa (lOOmTorr), and nitriding treatment time amount is 60 seconds and N2. The flow rate of gas is 
lOOsccm(s). Moreover, although the partial pressure of MMH gas has taken the case of OPa. 0.4Pa, 1.9Pa. 
and 3.9Pa, the flow rate of the MMH gas at that time is the same as the case where drawing 4 explains. In 
addition, the flow rate of MMH gas is also written together to drawing 5 and drawing 6 . CI concentration is 
falling small [ every ] as CI concentration will fall rapidly to 7 atm/% abbreviation if a partial pressure is set 
to 0.4Pa, although CI concentration has 12 atm/% abbreviation when the partial pressure of MMH gas is 
zero in the case of 450-degree C wafer temperature so that clearly from drawing 5 , and it is not so 
desirable, and after that and a partial pressure increase. Therefore, the point that it was necessary to set 
the partial pressure of MMH gas as 0.4Pa or more rather than this point was able to be checked. 
[0027] Moreover, since the process pressure was set as 13.3Pa (lOOmTorr) here, and the nitriding reaction 
of MMH gas was promoted so that the pressure was generally high, the point that it was necessary to also 
set up the process pressure at the time of nitriding treatment more than 13.3Pa (lOOmTorr) was able to be 
checked from this point. Moreover, although it becomes [ CI concentration ] low far and is better than the 
case (refer to drawjng 5 ) of the above-mentioned 450 degrees C when the wafer temperature at the time 



of nitriding treatment is §00 degrees C so that clearly from this drawin g 6 In this case, as explained 
previously, the stress of the substrate film which processing temperature becomes high too much and is 

'g^ormed by preceding becomes large, and since a heat damage, like a crack etc. goes into this film is given, 
the increment in specific resistance and degradation of barrier property break out. 
[0028] Generally, the decomposition initiation temperature of MMH gas is about 1 50 degrees C, and is 

- decomposed into abbreviation completeness at about 400 degrees C. And since MMH gas is required for a 
certain thing [ that extent decomposition is carried out ] in order to perform nitriding treatment efficiently, 
the lower limit of the wafer temperature at the time of nitriding treatment becomes about 300 degrees C of 
abbreviation. Therefore, wafer temperature must be more preferably set as 350-450 degrees C within the 
limits of 300-550 degrees C of abbreviation. In addition, when the problem of the thermal damage of the 
underground film of this TiN film does not arise, it may be made to perform nitriding treatment in an 
elevated-temperature field higher than the wafer temperature of 450 degrees C. 
[0029] Although one processing explained taking the case of the case where the TiN film of desired 
thickness is formed, it is not limited to this but you may make it obtain the TiN film of desired thickness as 
a whole in the 1st example of the above by repeating membrane formation processing of the very thin 
metal content film and this nitriding treatment (reforming processing) two or more times. In this case, the 
thickness of the metal membrane formed of one membrane formation processing can choose many things, 
for example to several angstroms - 100A of numbers from the thickness equivalent to the magnitude of 
one metal atom to the thickness equivalent to the magnitude of some metal atoms. Drawing 7 is drawing 
showing the timing of supply of the various gas of the 2nd example of this invention which performs 
membrane formation processing which was described above. 

[0030] In this 2nd example, metal source gas is supplied intermittently, supplying inert gas continuously. 
While supplying the 1st nitrogen content reducing gas to supply and coincidence of said metal source gas. 
the 2nd nitrogen content reducing gas is supplied in a period shorter than between this intestinal stasis 
also between the intestinal stasis of said metal source gas. A process pressure under existence of the 2nd 
nitrogen content reducing gas More than 13.3Pa (lOOmTorr) The partial pressure of said 2nd nitrogen 
content reducing gas is characterized by carrying out nitriding treatment of the metal content film further 
under the process conditions within the limits that the temperature of a processed object is 300-550 
degrees C more than 0.4Pa (3mTorr). 

[0031] And at this 2nd example, it is N2 as inert gas. Gas (refer to drawing 7 (A)) is used. As metal source 
gas, it is TiCI4. Gas (refer to drawin g 7 (B)) is used, and it is NH3 as 1st nitrogen content reducing gas. Gas 
(refer to drawin g 7 (0)) is used, and it is the above NH3 as 2nd nitrogen content reducing gas. MMH gas 
{refer to drawing 7 (D)) with reduction more powerful than gas is used. Each above-mentioned gas is 
supplied in the shape of a pulse in time, as shown in drawing 7 . Namely, N2 which is inert gas TiGI4 which 
is metal source gas, supplying gas continuously NH3 which gas is supplied intermittently and is the 1st 
nitrogen content reducing gas While supplying gas to supply and coincidence of the above-mentioned metal 
source gas, he is trying to supply the nitrogen content reducing gas of the above 2nd in a period shorter 
than between this intestinal stasis also between the intestinal stasis of the above-mentioned metal source 
gas. "ON" in drawin g 7 shows the supply condition of gas, "OFF" shows the supply interruption condition 
of gas and this point is the same here also in drawing showing the timing of subsequent gas supply. 
[0032] Thus, it is N2 where vacuum suction of the inside of the processing container 12 is carried out. Gas 
is a sink and TiCI4 continuously. Gas is a sink and NH3 intermittently. Gas is TiCI4. It passes to gas and 
coincidence, membrane formation processing of the TiN film is performed, and it is TiCI4. Between [ T1 ] 
the intestinal stasis of gas, MMH gas is passed once in a period shorter than this, and perfect nitriding 
treatment of the above-mentioned TiN film is performed, thereby — depository (deposition of TiN film) - 
>N2 Purge ->MMH flow (nitriding of TiN film) ->N2 Purge -> depository ->N2 purge ->MMH flow -> .... ** - 
- only a count [ process / to say ] as occasion demands is performed repeatedly. The TiN film 
accumulates as metal content film at the time of the above-mentioned depository, when it is a MMH flow, 
01 (x:1-3) of TiClx which is residual chlorine and the unreacted by-product in the TiN film is returned, it 
escapes, and Ti atom is nitrided by abbreviation completeness (reforming processing). In addition, a 
depository shows the thing of deposition (membranous deposition). Here, it is TiCI4. It is TiCI4 to the 
degree from the time of carrying out supply initiation of the gas to a certain timing. The die length of the 
time of starting supply is defined as 1 cycle. In this example, the die length of 1 cycle is about abbreviation 
40 second, and, of course, this die length of 1 cycle is within the limits of several seconds - about 60 



seconds in fact [ it is not limited and ]. 

[0033] Moreover, TiCI4 Gas and NH3 For the days of supply T2 of the coincidence of gas, about 1-20 
Seconds and days-of-supply T3 when it is desirable and 1-10 seconds and MMH gas are independent are 
1-10 seconds preferably about 1 to 20 seconds, and this days-of-supply T3 is TiCI4. It is located in the 
center of abbreviation between [ T1 ] the intestinal stasis of gas. In addition, the film of the thickness for 
^ one layer of atoms can be formed by shortening more time amount of the supply time amount T2. An 
important point is a point of setting up process conditions like the 1st previous example here. That is, the 
process conditions at this time are as follows. In the range whose wafer temperature is 300-550 degrees C. 
preferably 300-450 degrees C, A process pressure is 40-666Pa (0.3 - 5Torr) and TiCI4 in the range of 
1 3.3-1 333Pa (0.1 - lOTorr). The flow rate of gas in the range of 10 - lOOsccm It is 20 - 50sccm and NH3 
preferably. The flow rate of gas is the range of 30 - lOOOsccm. and it is 100 - SOOsccm and N2 preferably. 
The flow rate of gas is the range of 350 - 2000sccm, and is 400 - lOOOsccm preferably. 
' [0034] Thus, it not only can control low the level of chlorine contained in the TiN film, but by covering 
^ ' multiple times and carrying out the sequential deposition of the detailed thin film intermittently, passing 
^ membrane formation gas intermittently, like the case of .the 1st example, resistivity can also be made small, 
and it can also control generating of a crack, and it becomes possible further to consider as the TiN film 
with which membranous abnormality growth was controlled in spite of comparatively low temperature 
process temperature. As this 2nd example shows to drawing 7 especially, the both sides at the time of a 
depository are N2. The gas 4 which contributes to membrane formation since it is purged, i.e., TiCI, Gas 
and NHS It enables it to prevent it not only can improve the step hippo register of the level difference 
section, but that can eliminate gas completely, therefore overhanging of the TiN film occurs in SURUHORU, 
a contact hole, or a beer hall. 

[0035] Moreover, NH3 which is the 1st nitrogen content reducing gas although only MMH gas was passed 
as nitrogen content reducing gas at the time of the nitriding treatment (reforming processing) of this 2nd 
example, in addition as shown in the modification of dr awin g 8 You may make it pass gas to MMH gas and 
coincidence. According to this, it becomes possible to perform nitriding treatment of the TiN film more 
completely. Furthermore, for example, Ar gas is further added as plasma gas at the time of the nitriding 
treatment (reforming processing) in each above example, and you may make it stand the plasma at it. In 
this case, NH3 Only when performing a flow, while passing Ar gas. it impresses between the shower head 
sections 16 and the installation bases 34 which are the electrode of the upper and lower sides of high- 
frequency voltage, and the plasma is stood. Thereby, the nitriding force over the TiN film can be heightened 
further, and the perfect TiN film with more little level of chlorine can be formed. Moreover, when standing 
this plasma, it is H2 as reducing gas. If gas is passed, the nitriding force can be raised further. 
[0036] Although MMH was used as 2nd powerful nitrogen content reducing gas of reducing power if it was 
in each above example, it is not limited to this but other gas, such as a hydrazine and dimethylhydrazine, 
may be used. Moreover, although explained taking the case of the case where the TiN film is formed as a 
metal nitride here, it is not limited to this, but also when forming other metal nitrides, such as WN film and 
TaN film, this invention approach can be applied. Moreover, although explained taking the case of the semi- 
conductor wafer as a processed object, also when it is not limited to this but processes a LCD substrate, a 
glass substrate, etc., of course [ in this example ], this invention is applicable. 
[0037] 

[Effect of the Invention] As explained above, according to the membrane formation approach of this 
invention, the operation effectiveness which was excellent as follows can be demonstrated. According to 
this invention, the level of chlorine can make the metal nitride by which it was low, resistivity was also 
small and generating of a crack was also controlled and which membranous abnormality growth moreover 
does not have, either deposit. 
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(C) #«S) ||2<0^^^^S7c:*f;<<!:L'C± 
IBNH, :*fXj:0<>S7C3&«?aCiMMH:^X (07 (D) 

C 1 , *':^?:Pa^5^W4Ct!«&U. ^ 1 (DM^^^Mtc;^/^ 
10 (DHi^ra J: 0 fc^l^X8ra'C±iBS2 OM^^^Stc:^' 

^^^ttJ&f'&^^ccort^^c ccria74icD'^ on** 

«5S/>^©«*&ttSS*7nO. " OFF" »:tfX<Dfi^*&<f± 

[0 03 2] CC[)J:^)CC. ftLSSSl 2rtS:«^?l*U 
ra^^KJtCgau. NH, ij7.\ti: l C l * :tf>^<bglB*«:S£ 

urT i NiB<DfliJi«i®«:?fCi. T i c 1 . :^;^a:>ra5<^ 

20 u-r±iaT i nm(o%±mimM^^iTr>x\.>^. cntc 

J:D. 7^3i< (T i N^CD^ffi) -N, ^n--2;^-*MMH:7 
(T i l^momt) ^N, .'S-v^—t'^-^N, 

MMH:7U — » iCi^Xg*s. '£^tC|£0/c 

|nlia/cC:t^OiIUft:>n^o ifBf'ji^DB^Wi^^WM 
iUTT i NlS*i*ab, MMH:7D-©BS«:T i NK 
4iCDg|?¥^^-^*Rir^l'J^^^'C*'E>T i CI . (x : 
1 - 3 ) ^<DC 1 d^jlTcS ti^l£t:f T T i J^T-A^BS^^ 

(JScD^S) COCi^^-To CCr. TiCl, 

^i6C©l1^-Y^-'KD:g${il®S3n-r. SIRS 
[003 3] TiCl4 :^'X<!:NH3 

<D«*&fflraT2«r'-2 ofjus, jf*o<(ii--io 

»\ MMH:^'XCD*tt(Det*S»3ra1T3i3:l'-2 0#1i 
>faL<«l-l 0#r*)0. C(?)«*&S8raT3 
T i C 1 . iiy^<Dfii{KmmT 1 C0BScti:^CC{4gSn 

40 rc>^>„ eugKraT2<DB#ra«:J:*)^<"r'2>-ci6c 

m^;^©^^^^^^ '^;xy^?jgg;!^^3 0 0-5 5 O'CCD 
ffiffl-C. »S U<«3 0 0-4 5 O'C. :7'p-fe;^aE;^*i 
13. 3— 1333Pa (0. 1 — IGTorr) ©Jg 
H'Ct?«x.tf4 0-6 66Pa(0. 3-5Torr). 
T i C 1 4 iJy^cM&ffi^ 1 0 — 1 0 0 s c c mCDKH 

L/<«2 0— 5 0 s c c m. NH3 tJ^<D^m, 
50 *^30— 1 000 s c cm<DSaH'C. >f*b<«l 0 0 



11 

--SOOsccm, N, :tf;^(DiJfea*53 5 0-2 00 0 
s c cm(DmmX\ Jf*L<«4 OO'-lOOOscc 

[ 0 0 3 5 ] a/c. c(om2mmm<ommm i^w^ 

€:±T©1i®-r*S^'r'7-^5' FSPl 6<btSS^3 4 

<!:CDrHltcEPttJbr:7'^Xv:$:3:T^. CtrCC^D. Ti 

^x^^ALx^m. MTttf^tuxm^ittH, 

[0036] J!y±<D^^«^«:*oT«. S7E:^<D?ffiC^ 

(Dtf:^i:mii>xi>^iK jj^fc. c cx^t^mmtm^ 

XT iNmi:f&m'r^m^^m(^t^xmmLfc:^K c 



7) !j$ga2 00 3-2 1 34 1 8 
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-5>c a/c. ^mmxi^t. mmwtbx^mw^:^^^ 
^m^t-oxs/tmLfci)^. cncciKtsn-r. lcds 

[0037] 

[03] •i?x>'^^aS^S^^IEU/c^<^T i Nli*<DC 

20 IH4 ] MMH:*f>^CD^5^IESra^^MLfcB$(0T i NM 
imS] '^x/^^30M 5 OXCDiS^<DMMH:^'XCr):». 

[H6] '^xy^iafi[*^6 0 0°C<Dfci^OMMH:^*:^<D^ 

[®7 ] *^g8CDS2lliSmSa*'X<D«*&©i>^ S 

1 2 SOtS^S 

16 I' »7 — ^ FSP (±gPSS) 

2 4 iS^iSm^ 

3 4 tss-^ (Tgpm@) 
3 6 »nJ^t-i> 
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